The Etiology of Epidemic Poliomyelitis: Preliminary Note by Rosenow, E. C.
THE ETIOLOGY OF EPIDEMIC
POLIOMYELITIS
PRELIMINARY NOTE
E. C. ROSENOW, M.D.
ROCHESTER, MINN.
E. B. TOWNE, M.D.
BOSTON
AND
G. W. WHEELER, M.D.
NEW YORK
After Landsteiner and Levaditi1 and Flexner and
Lewis2 demonstrated independently that the causative
agent of epidemic poliomyelitis could be passed through
a bacterial filter, the disease was classed with those
caused by a filterable, ultramicroscopic virus. The
bacteria of ordinary size were no longer considered of
Fig. 1.—Cross section of
Kaiserling specimen of left
tonsil removed four hours
postmortem in Case 758; acute
poliomyelitis in child aged 15
months, X 2%. Part of the
material in the abscess cavity,
which lies against the capsule
of tonsil, fell out during hard¬
ening.
etiologic importance, and
when obtained were dis-
carded as postmortem in-
vaders or accidental contami-
nations. Wickman,3 after
reviewing the earlier experi-
ments with streptococci,
says, "The time has fully
arrived when such investi-
gations should be discarded
from the literature of the
disease."
In 1913, Flexner and
Noguchi4 cultivated and
demonstrated microscopi-
cally a small filterable micro\x=req-\
organism with which they
produced poliomyelitis in
monkeys. They note that
"the cultural conditions are those that apply more par-
ticularly to the bacteria," but do not attempt definitely
to classify the micro-organism.
Rosenow5 has shown by the use of special methods
that the specific localizing power of bacteria is an
important factor in the etiology of various diseases,
including diseases of the nervous system. We felt,
therefore, that a reinvestigation of the bacteriology of
poliomyelitis by the newer methods was desirable.
Accordingly we have made a bactériologie study of
throats, tonsils, blood, spinal fluid, the central nervous
system and other tissues in cases of acute poliomyelitis
in the present epidemic both in Rochester, Minn., and
in New York City, with particular reference to the
infecting power of the bacteria isolated. The methods
employed were similar to those used by Rosenow and
the methods used by Flexner and Noguchi in their
studies of poliomyelitis.
A peculiar polymorphous streptococcus has been iso¬
lated, often in large numbers, from the throat, from
the material expressed from tonsils, and from abscesses
From the laboratories of the Mayo Foundation and the New York
Hospital.1. Landsteiner, K., and Levaditi, C.: La transmission de la paralysieinfantile aux singes, Compt. rend. Soc. de biol., 1909, lxvii, 592.
2. Flexner, Simon, and Lewis, P. A.: The Nature of the Virus of
Epidemic Poliomyelitis, The Journal A. M. A., Dec. 18, 1909, p. 2095.3. Wickman, I.: Acute Poliomyelitis, Nervous and Mental DiseasesMonograph Series 16, New York, 1913, p. 6.
4. Flexner, Simon, and Noguchi, H.: Experiments on the Cultiva-
tion of the Micro-Organism Causing Epidemic Poliomyelitis, Jour.Exper. Med., 1913, xviii, 461.5. Rosenow, E. C.: Elective Localization of Streptococci, The Jour-
nal A. M. A., Nov. 13, 1915, p. 1687; Elective Localization of Bacteriain Diseases of the Nervous System, Aug. 26,
in tonsils6 (Fig. 1) of a large series of cases of epi¬
demic poliomyelitis. It has been obtained from the
ventricular fluid after death, and from blood during
life in one instance, but not from the spinal fluid.
By emulsifying in a sterile air chamber a rather large
amount of brain and cord obtained under sterile
precautions, and inoculating ascites-dextrose broth,
ascites-dextrose agar and ascites fluid containing sterile
tissue with varying amounts of the emulsion, we have
succeeded in isolating this peculiar streptococcus from
brain and cord in each of twelve cases of poliomyelitis
in New York City which came to necropsy, and also
from the intervertebral ganglia and lymph nodes in
some of these cases. Mathers7 has already reported
similar results from the brain and cord. The micro¬
organism has also been recovered in four instances
from recently glycerinated pieces of brain and cord.
The micro-organism which we have isolated in cases
of human poliomyelitis produces on aerobic blood-agar
plates fine, dry, nonadherent, slightly green colonies at
times showing in forty-eight hours a narrow, hazy zone
of hemolysis. On this medium, as well as in ascites-
dextrose agar, the organisms are quite uniform in size
and resemble pneumococci, but are usually smaller and
free from demonstrable capsule. In tall tubes of
ascites-dextrose broth with or without sterile tissue
there is usually an early diffuse turbidity, or there may
be a flocculent growth which collects along the side of
the tube and gradually settles to the bottom. Early
smears show short chains of diplococci resembling
pneumococci, a smaller number of medium-sized cocci
in pairs, and occasionally very small coccus forms.After the first week, the number of small forms is rela¬
tively greater, and they have largely become gram-
negative. After about three weeks, large clubbed invo¬lution forms appear. In ascites plain broth with or
without sterile tissue, growth is slower, being noted
usually after about
thirty-six hours.
It tends to appear
near the bottom of
the tube and ex¬
tends upward as a
moderate turbid¬
ity. The organism
has the same mor¬
phologic character¬
istics, but is about
two-thirds the size
of that grown in
dextrose broth. Old
cultures show
clumps of very
small coccus forms.
In ascites fluid con¬
taining sterile tis¬
sue the growth ap¬
pears as a slight
haziness near the
bottom of the tube
on the fourth or
Fig. 2.—Photomicrograph of forty-eight-hour culture in ascites dextrose-tissue broth
of Berkefeld
 nitrate of emulsion of brain
of Rabbit 1017, injected intravenously with
pure culture of the streptococcus from
poliomyelitis after two rabbit passages. Notethe marked variation in size and shape of
the organism, the chain of large diplococci
and micrococci with a small diplococcus on
one end, chains of medium and small diplo¬
cocci and those of extremely small diplo¬
cocci and the medium-sized single coccus
forms. Gram stain, X 1,000.
fifth day when cultures are made of human or animal
brain and cord. Transplants from other mediums grow
out in one or two days, and show more marked early
6. The importance of the constant finding of such abscesses in
tonsils at necropsy in cases of poliomyelitis was emphasized in a dis-
cussion by Rosenow of Dr. Robert W. Lovett's paper, "The Management
of Poliomyelitis," before the New York Academy of Medicine, Oct. 5,1916.
7. Mathers, George : Some Bacteriologic Observations on Epidemic
Poliomyelitis, The Journal A. M. A., Sept. 30, 1916, p. 1019.
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turbidity. In a very few instances the early smearshave shown the tiny globoid bodies described by Flex¬
ner and Noguchi in apparently pure culture, but usually
there have also been a certain number of medium-sized
diplococci in short chains, which Flexner and Noguchi
and others have considered contaminations. These
larger forms tend to grow smaller, so that frequently
at the end of twelve or fourteen days nothing but the
tiny globoid bodies, single, in pairs, chains and clumps,
could be found in the same tubes. These appear to be
identical with those described by Flexner and Noguchi.
After about three weeks the organisms become both
larger and smaller ; the small forms get beyond the
limit of visibility, and nothing but rather large oval
cocci staining a pinkish tint with the Giemsa stain are
seen.
Transplants from one to another of these three
liquid mediums disclose a marked tendency of the
micro-organism to change to the form characteristic of
the medium in which it is planted. Thus, an appar¬
ently pure culture of the very small globoid bodies in
ascites tissue fluid when transferred to ascites-dextrose
tissue broth grows out rap¬
idly, often in twenty-four
hours, into the characteristic
polymorphous streptococcus.Similarly a transplant from
broth to ascites fluid tends to
grow slowly smaller.Cultures of Berkefeld  
filtrates of emulsions of
brain and cord of rabbits
dead from paralysis follow¬
ing intravenous injection
with suspensions of broth
cultures showing only the
large forms have repeatedly
grown out in this character¬
istic form in each of these
three culture mediums. Cul¬
tures showing the small
forms have been filtered,
and cultures of the filtrate
have grown, but no growth
has been obtained from fil¬
trates of cultures of the Fig.
3.—Rabbit 939, showing flaccid paralysis of right frontleg, Aug. 11, 1916.
same strains showing only
large forms. The same emulsions filtered through
dense porcelain candles have, with one exception,
always been sterile.
In all the liquid mediums during the early days of
growth, chains are often found in which there are
single members of all sizes and shapes
—
large diplo¬
cocci, large coccus forms, small diplococci and small
coccus forms. This has occurred in strains which have
been fished successively several times from single colo¬
nies of shake and plate cultures, and in those from
filtrates (Fig. 2).
The fermentative reactions of subcultures of a
number of these strains have been tested. Two thirds
of them fermented inulin ; the remainder did not.
Paralysis with lesions in the central nervous system
has been produced in 'guinea-pigs, rabbits, dogs, cats
and monkeys by intravenous or intracerebral injection
with this peculiar streptococcus from practically all
of fifty^two cases of acute poliomyelitis. It has been
produced by injecting the emulsions of pus expressed
from the tonsils, emulsions of extirpated tonsils, and
emulsions of the brain. It has followed injection of
the primary mixed culture containing chiefly this
peculiar streptococcus, and by injection of the pure
cultures from throats, from the material expressed
from tonsils, and from the abscesses in tonsils removed
from living patients and necropsy cases. It has been
produced consistently also with the pure cultures
obtained from the brain and cord. While on aerobic
cultivation and in dextrose-containing mediums the
organism soon loses the power of causing paralysis,
paralysis has been produced with strains in the third
culture generation from successive single colonies.
Young animals were more susceptible, but the older
ones were not always immune. While those which
received large doses of culture often showed paralysis
within thirty-six hours, the incubation period was
usually from three to five days. The early paralyses
were usually accompanied by evidences of pain in the
affected extremity, and the animals so affected were
apt to die within twenty-four hours of the onset, asthe process extended rapidly and caused respiratory
failure. The onset of later paralyses, especially in
rabbits, was sometimes preceded by a fine tremor or
even definite twitching of the
muscles which later became
flaccid. These animals ap¬
peared generally well, and
took food normally. In most
cases the paralyses spread
and death occurred within
two or three days. A num¬
ber of animals, however,
showed slow but definite im¬
provement and did not die.
One guinea-pig had a ptosis,
and one monkey a seventh
nerve paralysis, as initial
symptoms. In some the re¬
action began with evidence
of meningeal irritation which
went on to general spasticity,
convulsions and rapid death.
At necropsy the paralyzed
animals showed congestion
of the vessels of the me¬
ninges, and hemorrhagic
edema surrounding the dura
of the cord, especially an¬
teriorly and extending along the nerve roots andganglia. A majority had dilatation and fine hemor¬
rhages in the gray matter of the cord and brain. The
lymph glands commonly showed hyperemia and at
times hemorrhage and edema. Animals which had
ataxia and tremor usually showed areas of hemor-
rhagic infiltration of the cerebellum. There was a
noteworthy freedom of lesions in other organs. Micro¬
scopic sections have not yet been examined in suffi¬
cient numbers to warrant a definite report, but those
examined (from rabbits, guinea-pigs and monkeys)
showed small hemorrhages, degeneration of nerve cells,
some round-cell infiltration and neurophagocytosis.
The organism has been isolated in pure culture and
often in large numbers from the nervous tissue in
numerous animals injected with cultures when blood
and other tissues were sterile or contained the organ¬
ism in smaller numbers. It has been demonstrated
microscopically in and adjacent to the lesions in the
brain and cord. In animals in which paralysis occurred
early and which died soon after injections of large
doses, the large forms only have thus far been found,
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while in those which died after a long period of incu¬bation, both large and small forms have been demon¬
strated.
We have isolated the same organism from brain and
cord of paralyzed monkeys, injected intracerebrally
with fresh emulsions of brain and cord from human
poliomyelitis (fresh human virus), with glycerinated
human virus and glycerinated monkey virus.8
Fig. 4.—Rabbit 939,
sections of Kaiser-
ling specimen of cord,
X 2. From above
downward, Sections
1, 2, 3, 4 and 5 are
cervical cord; Sec¬
tions 6 and 7 dorsal
cord; Section 8 lum¬
bar cord. Note hem¬
orrhages in gray
matter, chiefly in an¬
terior horns.
ILLUSTRATIVE EXPERIMENTS
Case 686.—S.
 ., boy, aged S years,
complained of stiff neck, July 18. July
20, he had a temperature of 102. When
seen with Dr. Sheldon in the Mayo
Clinic, July 21, there was weakness of
the left shoulder and arm, and flaccid
paralysis of the left deltoid, triceps and
scapular muscles. The left grip was
weaker than the right; the Angers
moved slowly, and there was evidence
of extensor weakness. No reflexes
could be obtained in the left arm.
From the left tonsil there was ex¬
pressed a soft greenish plug, about l.S
by 2.5 mm., and from both tonsils a
rather large amount of liquid pus was
obtained.
The material expressed from the ton¬
sils was emulsified in 2 c.c. of salt solu¬
tion, and cultures and animal injections
were made. One series of rabbits and
guinea-pigs was injected immediately
with the emulsion of the tonsil pus, and
another series, July 22, with the cultures.
Eighteen-hour cultures of the tonsil
pus gave the following results :
1. Blood agar plate showed enormous
numbers of very fine, dry, green-
producing streptococcus colonies, some
of which were surrounded by a narrow
zone of hazy hemolysis, and a few colo¬
nies of staphylococcus and Micrococcus
catarrhalis. '
2. Ascites-dextrose broth (tubes and
bottles) showed apparently pure cultures
of streptococci in short and medium long
chains and in pairs. Some of the diplo¬
cocci were large and lanceolate in
shape, resembling pneumococci, and
others were small and more coccus-like.
Both large and small forms were found in the same chain.
In all, injections were made into thirteen animals—seven
rabbits, five guinea-pigs and one dog. Of these, the dog and
all but one of each of the rabbits and guinea-pigs showed
either evidence of paralysis during life or lesions of the brain
and cord after death. The following three protocols'illus¬
trate the results obtained :
Rabbit 930.—Weight, 690 gm. July 21, injection of 0.5 c.c.
of sodium chlorid emulsion of tonsil pus 686, the organisms
of which appeared on blood agar plates as fine, green-
producing streptococci, slightly hemolytic streptococci,
staphylococci and Micrococcus catarrhalis, were made into
the cerebrum. The animal was found dead eighteen hours
later. Necropsy revealed lesions of skeletal and heart mus¬
cles but no external abnormality of brain or cord. Cultures
of the blood were sterile. Ascites-dextrose broth and blood
agar plate cultures of the spinal cord showed pure cultures
of streptococci, appearing as fine, dry, green colonies on the
plate. In sections of the brain and cord after hardening,
seven small hemorrhages were found in the gray matter of
the cord and two larger hemorrhages in the anterior portion
of the medulla. Microscopically, these areas showed hemor-
8. Kindly sent us by Dr. G. W. McCoy of the U. S. Public HealthService, Washington, D. C.
rhage, slight round-cell infiltration and diplococci and strep¬
tococci in the vicinity of the hemorrhagic areas.
Rabbit 936.—Weight, 1,040 gm. Injected intravenously,
July 24, with a growth from 30 c.c. of ascites-dextrose broth
suspended in 2 c.c. sodium chlorid solution of the spinal cord
of Rabbit 930. Blood agar plates of the culture injected
showed fine, dry, green-producing streptococcus colonies in
pure culture. The rabbit was found dead the next morning.
Necropsy showed no focal lesions. Ascites-dextrose broth
culture of blood gave an apparently pure culture of strepto¬
cocci in pairs and short chains. Blood agar plate of blood
showed a pure culture of very small, dry, green-producing
streptococcus colonies, a few of which were surrounded by
a narrow, hazy zone of hemolysis.
Rabbit 939.—Weight, 1,160 gm. Injected intravenously,
July 26, with 5 c.c. of an ascites-dextrose broth culture of
the blood of Rabbit 936. The animal seemed perfectly well
up to August 11, sixteen days after the injection, when at
11 a. m. it showed flaccid paralysis of the right front leg,
which lay stretched out and could not be brought under the
body (Fig. 3). Otherwise he seemed well, and took food
normally. At 3 p. m. the left front leg was also weak, and
he was unable to lift-the thorax from the floor. At 4 p. m.
respiration became shallow, irregular and labored; there was
evidence of meningeal and cerebral involvement (retraction
of head and convulsions). Death occurred at 5 p. m.
Necropsy showed no gross lesions. August 12, the spinal
cord and fluid incubated over night showed diplococci, short
chains and clumps of streptococci. The individual organisms
in chains showed marked difference in size, varying from
approximately one fourth that of a pneumococcus to the full
size of a pneumococcus. Cross sections of the cord after
fixation in Kaiserling I for twenty-four hours showed diffuse
hyperemia of the gray matter throughout, and areas of hem¬
orrhage in the gray matter which were most marked in the
cervical region (Fig. 4). Microscopic sections of all portions
of the cord showed many small and medium-sized areas of
hemorrhage in the gray matter, especially in the anterior
horns. Moderate round-cell infiltration was noted through¬
out the gray matter. The ganglion cells, particularly of the
anterior horns in the cervical region, showed marked degen¬
eration and neurophagocytosis. In the intervertebral ganglia,
there was degeneration and phagocytosis of the ganglion
cells, and moderate lymphocytic infiltration. Gram stains of
sections of the cord showed rather small gram-positive
diplococci, single and
in short chains. In
several areas of hem¬
orrhage showing de¬
posit ' of blood pig¬
ment, there were
found large numbers
of cocci, some in pairs
and chains, showing
marked variation in
size (Fig. 5).
Case 714.—Monkey
12 (Macacus rhesus)
was injected intra¬
venously, September
9, with suspensions in
salt solution of the
growth from 30 c.c.
of ascites dextrose
and 30 c.c. of plain
broth, mixed, obtained
from the brain of
Rabbit 1017 in pure
culture. This organ-
Fig. 5.—Photomicrogrrph of streptococcícforms in area of hemorrhage in the pos¬
terior horn of cervical cord of Rabbit 939.
Note the marked variation in size of the
organisms, large and small diplococci scat¬tered throughout the field, and exceedingly
small forms in the short chains to the left
of the center. The dark, irregular areas
to the left are deposits of blood pigment.Gram-Weigerfr; X 1,000.
ism formed character¬
istic fine, dry, green colonies on blood agar plate and appeared
as an ordinary-sized streptococcus in broth. The strain came
from the emulsions of brain in a case of poliomyelitis in which
the necropsy was held, August 24, and had passed in pure
culture of large forms through three rabbits in succession.
Each rabbit had shown marked flaccid paralysis after from
Downloaded From: http://jama.jamanetwork.com/ by a Carleton University User  on 06/14/2015
three to seven days with gross and microscopic lesions quite
similar to those described above for Rabbit 939.
September 11, the left arm was weak; slight wrist drop and
poor grip. The animal took food normally and seemed well.
September 12, condition of arm was stationary, or perhaps
improved a little. The animal was injected intravenously
with the growth from 30 c.c. of the same culture, which in
the meantime had been in the ice box, and showed the same
growth in subculture on plate and in broth.
September 14, both arms were weak. The animal was
irritable and excited.
September 15, the animal was quiet and inclined to lie
down ; it got on its haunches with great difficulty.
September 16, complete wrist drop was shown on left,
flaccid paralysis of left triceps and deltoid, weakness of back
muscles, and coarse tremor of right triceps and extensors of
thighs. The animal ate well if food was put where he could
reach it with his head. This condition went on to complete
flaccid paralysis of all muscles of extremities and body;
respiration became irregular, labored and entirely diaphrag¬
matic. Marked cyanosis. At 7:30 p. m., the animal was
almost dead; he was chloroformed, and examined at necropsy
at once.
Cross sections of the cord showed hyperemia of the gray
matter with areas of hemorrhagic infiltration, more marked
in anterior horns and about the central canal. There were
no other gross lesions. Cultures of the brain and cord
gave the usual polymorphous streptococcus in pure culture
in almost every tube. Mi¬
croscopic sections of the
cord (Fig. 6) showed nu¬
merous hemorrhages in the
gray matter, with degenera¬
tion of the ganglion cells of
the anterior horns. There
was moderate infiltration
with lymphocytes, and neu-
ronophagia. Diplococci
were demonstrated in the
tissues.
SUMMARY
We have isolated a
peculiar streptococcus
from throats, tonsils, ab¬
scesses in tonsils and
from the central nervous
system in cases of polio¬
myelitis. Paralysis has
been produced in ani¬
mals of various species
by intravenous and in-
tracerebral injection of
cultures of this organ¬
ism, and lesions of the
Fig. 6.—Photomicrograph of cross section of anterior horn of cervical
cord of Monkey 12. Note the marked dilatation of vessels, the hemor¬
rhage, the degeneration of ganglion cells, and round-cell infiltration with
neuronophagia. Hemotoxylin and eosin; X 140.
gray matter of their nervous system have been dem¬
onstrated. From the nervous system of these animals
the streptococcus has been isolated in pure culture,
while their other tissues were sterile; it is remarkably
polymorphous, and appears to grow large or small
according to the medium in which it is grown, even
after passage through a Berkefeld filter.
Using the organism in its large form, paralysis has
been consistently produced in animals known to be
insusceptible to inoculation with material from epi¬
demic poliomyelitis as heretofore practiced. Afterparalysis had been produced in a series of three rab¬
bits, the strain caused characteristic paralysis and
lesions of poliomyelitis in monkeys.
The exact relation of our results to the facts already
established as to the etiology of poliomyelitis cannot
yet be definitely stated. It appears to us that the
small, filterable organism which has been generally
accepted as the cause of poliomyelitis may be the form
which this streptococcus tends to take under anaerobic
conditions in the central nervous system and in suit¬
able culture mediums, while the larger and more typi¬
cally streptococcic forms, which investigators have
considered contaminations, may be the identical organ¬ism grown larger under suitable conditions.
The Mayo Foundation — Peter Bent Brigham Hospital
—New York Hospital.
We are indebted to Drs. W. H. Park, Anna Williams
and H. L. Abramson of the New York department of health
for part of the necropsy material.
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For several years it has appeared that the etiologyof acute epidemic poliomyelitis has been successfully
cleared up by the work
of Landsteiner and Pop-per1 and by that of Flex-
ner2 and his co-workers,
Lewis, Noguchi and
others. Landsteiner and
Popper in 1908 first suc-
ceeded in transferring
the disease to various
species of monkeys byintraperitoneal inocula-
tion of human polio-
myelitic brain and cord.
They were able to pro-duce a disease in the
monkey which in its
clinical, pathologic and
histologic features was
quite similar to acute
poliomyelitis in man.
According to these work-
ers, mice, rats, guinea-pigs, dogs, cats, goats,
sheep and horses proved
refractile to the disease.
Many conflicting statements occur in the literature as
to whether or not the virus of poliomyelitis can be
transmitted to the rabbit. Krause and Meinicke assert
that they have produced the disease in seven genera-
tions of rabbits, and more recently Rosenau and
Havens3 have successfully passed the virus of the dis¬
ease through eight generations of young rabbits.
Flexner and Noguchi have been able to obtain the
filterable virus in pure culture, employing the anae¬
robic ascitic fluid culture medium, to which a sterile
piece of rabbit's kidney is added.
From the Pathological Laboratory of the Cook County Hospital,Chicago.
The experimental studies of the authors have been very materially
aided by a special grant made by President Peter Reinberg and the
members of the Board of Commissioners of Cook County, Ill., and by
a special appropriation of the Health Department of the City of Chicago.1. Landsteiner and Popper: Uebertragung der Poliomyelitis acuta
auf Affen, Ztschr. f. Immunit\l=a"\tsforsch., 1909.2. Flexner and Noguchi: Jour. Exper. Med., 1913, xviii, 461.3. Rosenau and Havens: Jour. Exper. Med., April, 1916.
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